influence on twentieth-century science is profound and pervasive. He is most famous for his renormalization theory of quantum electrodynamics, for which he shared the Nobel Prize in Physics for 1965 with Richard Feynman and Sin-itiro Tomonaga. This triumph undoubtedly was his most heroic work, but his legacy lives on chiefly through subtle and elegant work in classical electrodynamics, quantum variational principles, proper-time methods, quantum anomalies, dynamical mass generation, partial symmetry, and much more. Starting as just a boy, he rapidly became one of the preeminent nuclear physicists in the world in the late 1930s, led the theoretical development of radar technology at the Massachusetts Institute of Technology during World War II, and soon after the war conquered quantum electrodynamics, becoming the leading quantum-field theorist for two decades, before taking a more iconoclastic route during the last quarter century of his life.
Introduction
Given Julian Schwinger's commanding stature in theoretical physics for a half century, it may seem puzzling why he is relatively unknown today to the educated public, even to many younger physicists, while Richard Feynman is a cult figure with his photograph needing no more introduction than Einstein's.** This relative obscurity is even more Phys. perspect. 9 (2007) 70-114 1422-6944/07/010070-45 DOI 10 .1007/s00016-007-0326-6 * Kimball A. Milton is Professor of Physics at the University of Oklahoma. He was a Ph.D. student of Julian Schwinger at Harvard University from 1968-1971, and his postdoc at UCLA for the rest of the 1970s. He has coauthored a biography of Schwinger, coedited one volume and edited a second one of Schwinger's selected works, and coauthored two textbooks based upon Schwinger's lectures. ** An example is the series of posters produced by the American Physical Society in which the impression is given that Feynman was the chief innovator in quantum electrodynamics. In contradiction to this, Norman Ramsey has stated that "it is my impression that Schwinger overwhelmingly deserved the greatest credit for QED. I don't think Feynman had an explanation of the anomalous hyperfine structure before the [1948 APS] meeting." (Norman Ramsey, interview by K. A. Milton, June 8, 1999.) remarkable in view of the enormous number of eminent physicists, as well as other leaders in science and industry, who received their Ph.D. degrees under Schwinger's direction, while Feynman had practically none. In part, the answer lies in Schwinger's retiring nature and reserved demeanor. Science, research, and teaching were his life, and he detested the limelight. Generally, he was not close to his students, so few knew him well.
He was a gracious host and a good conversationalist and had a broad knowledge of many subjects, but he was never one to initiate a relationship or flaunt his erudition. Schwinger's style of doing physics was also difficult to penetrate. J. Robert Oppenheimer once said that most people gave talks to show others how to do a calculation, while Schwinger gave talks to show that only he could do it. Although a commonly shared view, this witticism is unkind and untrue. He was, in fact, a superb teacher, and generations of physicists, students and faculty alike, learned physics at his feet. On the one hand, he was a formalist, inventing formalisms so powerful that they could lead, at least in his hands, unerringly to the correct answer. He therefore did not display the intuitive visualizations, for example, that Feynman commanded, which eventually took over the scientific and popular culture.
On the other hand and more profoundly, Schwinger (figure 1) was a phenomenologist. Ironically, even some of his own students criticized him in his later years for his phenomenological orientation, not recognizing that from his earliest experiences in nuclear physics, he had insisted upon grounding theoretical physics in the phenomena and data of experiment. Isidor I. Rabi, who discovered Schwinger and brought him to Columbia University, generally had a poor opinion of theoretical physicists. But Rabi was always greatly impressed with Schwinger, because in nearly every paper he "got the numbers out" to compare with experiment. Even in his most elaborate field-theoretic papers, whether on quantum electrodynamics or strongly interacting hadrons, he was always concerned with making contact with the real world.
Although his first, unpublished, paper, written at the age of 16, was on the subject of the then poorly understood quantum electrodynamics, Julian Schwinger was almost exclusively a nuclear physicist until he joined the Radiation Laboratory at the Massachusetts Institute of Technology (MIT) in 1943. There, faced with critical deadlines and the difficulty of communicating with electrical engineers, he perfected variational techniques for solving the classical-electrodynamic problems of waveguides. As the war wound down, he started thinking about radiation produced by electrons in betatrons and synchrotrons, and in so doing recognized that the reactive and resistive portions of the electromagnetic mass of the electron are united in an invariant structure. Recruited by Harvard, he started teaching there in 1946 and at first continued his research in nuclear physics and in classical-diffraction theory. The Shelter Island conference in June 1947 changed all that. He and Victor Weisskopf suggested to Hans Bethe that electrodynamic processes were responsible for the Lamb shift, which had been known for some time as the Pasternack effect. Schwinger immediately saw, however, that the most direct consequence of quantum electrodynamics (QED) lay in the hyperfine anomaly that was reported for the first time at Shelter Island. He anticipated that the effect arose from an induced anomalous magnetic moment of the electron. The actual calculation had to wait three months, while Schwinger took an extended honeymoon
